Abstract --The statistical thermodynamics of one-dimensional fluid was recapitulated and represented in a convenient form for comparsion with experiments.
INTRODUCTION
It was found that some simple molecules adsorbed in mordenite behave as one dimensional 1-D ) gas, freely translating along a 1-D channel (ref.1). In the present paper a statistical mechanical theory of 1-0 gas in the zeolitic pore is developed and applied to experimental data available to elucidate the interaction between admolecules.
In the last section, effects of impurity is discussed which hinder the free translation of admolecule.
THERMODYNAMICS
The equation of state of 1-D gas expressed as 
The isosteric heat of adsorption, q, is given by,
where q° is the initial heat of adsorption and given by
t is implicitly assumed in the derivation of Eq.4 that the change of the pore length L is negligibly small. The thermal entropy of the adsorbed 1-D gas molecule s° became as, 55°5 g° + kT ln khwhere 5g° is the thermal entropy of gaseous molecule.
STATISTICAL MECHANICS
Now let us derive explicit expressions for the above quantities by using statistical mechanics. If admolecule is monoatomic, translates freely in a 1-D channel, and vibrates against the channel wall as a two-dimensional simple harmonics oscillator with soft frequenciesp' andy", we have,
where denotes a work required to bring an admolecule at its lowest state to the lowest state in gas phase. Using the usual formula,
we have ln kH = X0/kT -ln(2Zm i' p") (5) and hence = X0 (6) and 5s0 = Sg°-k ln (2mg P' )") (7) These equations hold even for diatomic molecules having degrees of freedom of rotation, if the rotation is not hindered in the zeolitic pore. The hindered rotation is not discussed in detail in the present paper.
If admolecules are localized on some sites and oscillate around a potential minimum with soft frequencies p', j" and j", then Only very accurate experiments can discriminate the small difference between Eqs.5 and 8.
The virial coefficients are given by B = 4 Jfi2dri2, (9) c = 4 jrfi2f23fl3dri2dr23 (11) and so on, with f = 1 -e u(r) , and = 1/kT (12) where and u(r) designate the distance and the interaction potential between the i.-th and j-th admolecules, respectively, and it is assumed that admolecules are aligned in the order of numbering 1,2,3 and 4, and the mutual interchange does not occur in the concerned narrow channel.
If the functional form of u(r) is given, one can calculate values for B, C and D. The Lennard-Jones 6-12 potential is most frequently used as an interaction potential.
The interaction potential between admolecules is considerably deformed from the 6-12 one by the following two causes. First, the pore diameter is usually larger than that of molecules, and a situation shown in Fig.1 (a) occurs in collisions of admolecules.
In other words, the strict one-dimensionality cannot be realized, but the phenomena are treated as pseudo 1-D problems.
Second, the three-body effect strongly operates between two admolecules and adsorbate solid, and the attractive force between admolecules is seriously reduced (ref.
3).
A plausible potential profile in this system is depicted in Fig.1 . cac.
•____0 Introducing U0/k = 225 K, which is a value for 3-0 gas, we have r 4.67 A which is almost same to the value for 3-0 gas of Xe, 4.6 A.
Thus it is concluded that 0 in Fig.1(a) is almost zero.
Values for C and 0 are calculated by using the above values for the parameters, but results are not completely satisfactory as shown in Fig.4 , as = 0 is a tentative approximation to have a semi-quantitative conclusion on the form u(r).
However, it is concluded that the three body effect strongly operates to reduce drastically the attracttive force between admolecules. 
THREE-BODY EFFECT
The interaction potential between a pair of admolecules differs considerably from that between an isolated pair in vacuum, as before mentioned.
The difference stems from the three-body effect, i.e., a third-order perturbation energy in a system of three bodies. In 3-D gas, the effect is small, while fairly large in the adsorption phenomena (ref.3,6).
As for 1-D gas adsorbed in a zeolitic pore, a theory was developed by the present author (ref. 7) , and its essential part is reviewed and criticized in the following.
Let be the dispersion energy between a pair of particles specified by i and j, then the total dispersion energy of a system composed of particles 1,2, and i, Et0t, is given by
that is, it contains a non-additive term Ei2. Ei2 is small in a system of three particles in gas phase.
In the adsorption phenomena, we must consider quantities such as Ei , E21 and EE12 ( E125 ), where the summation is carried out over an adsorbent solid, and these terms becomes fairly large. The first and second term contribute to the adsorption energy, and E12 + E125 is observed as an interaction potential between a pair of admolecules.
For a model shown in Fig.7 , E125 was numerically calculated and approximated, in a limit of accuracy of 15%, as -(2 l ) r The above potential contains non-negligible attractive terms and does not fit quantitatively to the experimental result. in Eq.19 was derived by using a jelly model for the solid, and a lattice model may give a larger value for E125. More accurate quantum mechanical and numerical calculations are required to obtain a best-fit potential which self-consistently describes B, C, and D.
ON THE EFFECTIVE PORE LENGTH Zeolite crystal, usually used in adsorption experiments, is larger than 0.5m but smaller than 5.um in its edge.
Colloidal impurities or larger ions are frequently located on the wall of the channel, and partially hinder the free translation of admolecules. Admolecule must overcome these barrier to diffuse into the pore with some activation energy ( See Fig.8 ). Thus the effective length of the pore, in which admolecule freely translates, is seriously reduced as well as the rate of diffusion of admolecule.
The thermodynamic functions of admolecules, however, are not influenced by such a reduction of the pore length, as the usual approximation, in the pore channel, as the edge length of mordenite used is shorter than 6pm.
The measurement of the line breadth may be an effective means to check the non-presence of blocking impurity on the wall of the channel.
